The essential oil of Lavandula stoechas was examined by GC and GC-MS. Discs (5 mmi.d.) of the tested fungi (Alternaria alternata, Fusarium oxysporum and Botritys cinerea) were inoculated separately onto each assay plate and incubated at 25 o C for 7 days. The oil yield of dried parts (v/dw) obtained by hydrodistillation was 2.9%. Thirty-two compounds representing 98.3% of the essential oil were determined. Linalool (49.9%), linalyl acetate (14.4%), lavandulyl acetate (5.7%), α-terpineol (5.6%), terpinene-4-ol (5.1%), lavandulol (3.7%), (E)-β-ocimene (2.6%) and (Z)-β-ocimene (2.4%) were identified as the main constituents of the oil. In addition, both doses of the lavender oil showed varying levels of inhibitory effects on the mycelial growth of tested fungi used in the experiment. The results demonstrated the strongest effect on B.cinerea, followed by A.alternata and F.oxysporum. The inhibitory effect is probably dependent on the concentration of essential oils.
Lavender, Lavandula stoechas, belong to the family Lamiaceae and is a perennial herbaceous plant in a number of regions in Turkey. It is widely distributed in subtropical and moderate regions [1] . Lavender is native plant to the Mediterranean, the Arabian Peninsula, Russia and Africa. It has been used cosmetically and medicinally throughout history. In modern times, lavender is cultivated around the world and the fragrant oils from the flowers are used in aromatherapy, baking, candles, cosmetics, detergents, jellies, massage oils, perfumes, powders, shampoo, soap and tea. Infusion of the aerial parts of Lavandula species are used as an appetite stimulant as well as for asthma, bronchitis, colic, common cold and fatigue healing in folk medicine [2] . The chemical composition of Lavandula oils he been investigated previously [3] .
In addition to their antimicrobial properties, a number of herbs and spices have been used since ancient times for food preservation [4] . Recently, there has been a considerable emphasis on studies involving derivatives of spices and their constituents' growth inhibition of microorganisms [5] . The aim of this study is to determine the chemical composition and antifungal effects of oil obtained from Lavandula stoechas flowers.
The flowers of lavender (Lavandula stoechas) were collected in Konya (Çumra) province in Turkey, and identified by the Laboratory of Systematic Botany, University of Selçuk. A specimen (GMB-2007) has been deposited in the Department of Food Engineering of the Selçuk University.
The fungi used for this assay were obtained from the collections of Plant Protection Department, Faculty of Agriculture, Selcuk University. In order to enable microbial growth, potato dextrose agar (PDA) was used. Czapex-Dox Agar was used for the determination of fungi toxicity.
The aerial parts of L. stoechas were extracted by using a Clevenger type apparatus for 3 h. The obtained essential oil (2.9%; v/w) was dried over anhydrous sodium sulfate, and stored at -18 o C in readiness for GC/MS analysis.
For identification purposes, the essential oils were analyzed on an Agilent gas chromatograph Model 7890, coupled to an Agilent MS model 5975C, equipped with a DB5 MS column (20 m x 0.18 mm x 0.18 µm). The temperature increased from 50°C (3.2 min) to 280°C at 8°C/min, with a 5 min hold. Helium was used as carrier gas (1.0 mL/min); injected in split mode (1:120) with the injector and source temperatures of 280 and 250°C respectively. The MS was working in electron impact mode at 70eV; mass spectra data were acquired in the scan mode in m/z range from 33-450. Identification of the constituents was based on the comparison of their linear indices relative to the series of n-hydrocarbons, and matching them against the commercially available spectra (Wiley & NIST).
In order to calculate the correct quantities, the essential oils were analyzed using an Agilent gas chromatograph Model 6890, equipped with a DB5 MS column (20m x 0.18mm x 0.18µm), programmed from 50°C (3.2 min) to 280°C at 10°C/min with a 5 min hold. Hydrogen was used as a carrier gas (1.0 mL/min) injected in a split mode (1:60); injector and detector temperatures were 280 and 300°C respectively. The essential oil was diluted in hexane in the ratio 1:30. The relative amounts of individual components were calculated based on the GC peak areas [6] .
The inhibitory effects of essential oils of flowers of lavender were determined against A. alternata, F. oxysporum and B. cinerea growth using Czapek-Dox agar medium only. Discs of the tested fungi (5 mmi.d.), cut from the periphery of a 7 day-old cultures, were inoculated separately onto each assay plate and incubated at 25°C for 7 days. Also, both doses (10 and 40 ppm) of the lavender oil exerted varying levels of the inhibitory effect on the mycelial growth of the fungi used in this experiment. Each essential oil was added onto the sterile disc paper (10 mmi.d.) , and put into Petri dishes. The colony diameter was measured and the percentage mycelial inhibition was calculated using the formulae [5d]:
NPC Natural Product Communications
I=C-T/C x 100, where I is inhibition (%), C is the colony diameter of mycelium from a control Petri plate (mm) and T is the colony diameter of the mycelium from a control Petri plate (mm). I was calculated as an average of the three repeats of each treatment.
Chemical composition:
The chemical composition of the lavender (Lavandula stoechas) oil is given in Table 1 . Constituents were -85  40  54  -21  control  77  38  87  14  10  78  -86  40  58  -58  control  79  40  88  15  10  79  -87  40  61  -63  control  80  47  89  16  10  81  -88  40  63  -67  control  82  54  90  17  10  82  -89  40  66  -74  control  83  61  90  18  10  84  -90  40  71  -77  control  86  69  90  19  10  85  -90  40  73  -80  control  87  77  90  20  10  86  -90  40  75  -84  control  88  83  90  21  10  89  -90  40  79  -87  control  90  86  90  22  10  90  -90  40  84  -90  control  90  90  90 *100% inhibition reported in order of their elution from HP-5MS column. Thirty-two components were identified, accounting for 98.3%. The lavender oil contained mainly monoterpenes, oxygenated monoterpenoids and sesquiterpenoid hydrocarbons. Linalool (49.9%), linalyl acetate (14.4%), lavandulyle acetate (5.7%), α-terpineol (5.6%), terpinene-4-ol (5.1%), lavandulol (3.7%), (E)-β-ocimene (2.6%) and (Z)-β-ocimene (2.4%) were determined as the major constituents of the oil.
Inhibitory effect:
The inhibitory effect of the flower oil of lavender (Lavandula stoechas) against tested fungi are presented in Table 2 .
B. cinerea was the most sensitive fungus at both concentrations. The oil of 40 ppm level of lavender oil showed a strong antifungal activity against mycelial growth of A. alternata compared to the control until 7 days of incubation. 40 ppm level of oil showed a stronger percentage inhibition than those of 10 ppm level of oil on Essential oil of Lavandula stoechas Natural Product Communications Vol. 13 (7) the growth of F. oxysporium. Each dose of lavender oil exhibited a different fungistatic activity against F .oxysporum. In addition, lavander oil showed weak activity after 3 days of incubation on the same fungi. The most affected fungi from lavender oil was B. cinerea, followed by A. alternata and F. oxysporum. A moderate inhibition effect against mycelial growth of F. oxysporum was provided by 40 ppm dose of oil (Table 2) . Consequently, the 40 ppm dose of oil caused a complete inhibition (100%) against mycelial growth of B. cinerea. The analysis showed that lavender oil exhibited fungistatic activity at different levels depending on the doses (Figure 1 ).
The volatile fraction of the Lavandula stoechas oil differs from many lavandula species growing in the Mediterranean region. The oil of L. stoaches contains mainly monoterpenoid alcohols such as linalool, α-terpineol, terpinene-4-ol as major constituents. The main constituent of L. stoechas ssp. atlantica oil was camphor (39%) followed by fenchone (9%), while for L. stoechas ssp. stoechas oil the main constituents was fenchone (30%) followed by camphor
The analyses of L. stoechas ssp. stoechas oil from Crete, Greece yielded two chemotypes: a fenchone/camphor-type and a 1, 8-cineole/fenchone-type [3c] . The main components of L. stoechas oil were linalyl acetate+linalool (50.0-60.0%) [7] . In other studies, the major components of L. stoechas ssp. Stoechas oil were camphor (23.0%) and fenchone (11.0%) [7] . The main components of L. stricta oil was carvone 43.0%, in L. pubescene was carvacrol 69.6% and in L. dentata were camphor 37.2% and fenchone 21.3% [8] .
Lavender was determined as Lavandula latifolia which grows wild in Croatia but is very rare. The results obtained from the cited authors state a minimal inhibitory concentration (MIC) between 1 to 3 mg/mL. Our results are consistent with an earlier study [10] where Lavandula stoechas oil showed high antifungal effect on the Botrytis cinerea (IC 50 -1.64 ppm). Some researchers reported that there is a relationship between the chemical structure of the most abundant compounds in the tested essential oils and their antimicrobial activity [3c,e,5d,7] . The observed differences may be due to a different harvest date and species factors that can influence the oil composition. The oil of Lavandula stoechasis is defined by the presence of a relatively high concentration of linalool. The lavender oil used in this work exhibited partial inhibitory effect on tested fungi. This could lead to a potential use of lavender oil as antifungal preservatives in food, especially as they are largely nontoxic and easily biodegradable.
Botryris cinerea is a very dangerous pathogen known to damage over 230 plant species worldwide [11] . The ability of B. cinerea to quickly develop tolerance and resistance to new fungicides can compromise the long term fungicide use. In this context, a lavender oil's fungistatic effect on the most serious pathogens, as demonstrated in this research, shows a promising future development.
